Background There is still limited knowledge regarding the translation of early child development (ECD) knowledge into effective policies and large-scale programmes. A variety of frameworks that outline the key steps in scaling up exist, but we argue that taking a complex adaptive systems (CAS) approach assists in understanding the complex, dynamic processes that result in programmes being taken to scale. Objectives The objective of this study is to examine the process of scaling up four major countrylevel ECD programmes through the application of a CAS framework. Methods Nine key informants with a deep knowledge of how each ECD programme was established and brought to scale were interviewed via Skype or phone by using open-ended interviews. The interviews were tape recorded and then transcribed verbatim for subsequent coding by using CAS domains. The coding and integration of the results to identify unique and common CAS scaling up features across the case studies involved an iterative process of reaching consensus. Results The scaling up of all four programmes behaved as a CAS including as follows: (i) positive feedback loops (five themes) and negative feedback loops (two themes); (ii) scale-free networks (two themes); (iii) phase transitions (four themes); (iv) path dependence (two themes); and (v) emergent behaviour (six themes). Five additional themes were identified for sustainability, which was repeatedly mentioned as an important consideration when deciding how to scale up programmes. Conclusions CAS analysis is likely to improve our understanding of how effective ECD programmes become scaled up. Prospective CAS implementation research is needed to continue advancing the knowledge in the field.
Introduction
Despite the increasing evidence base of the effectiveness of early integrated interventions that include nutrition, health care and psycho-educational stimulation to promote early child development (ECD), our knowledge remains limited regarding the translation of this knowledge into effective policies and large-scale programmes (Black et al. 2015) .
A central scaling-up theme is the expansion of access of quality programmes to large segments of the target population (s) (World Health Organization/ExpandNet 2009; Gillespie et al. 2015) . In this paper, we define scaling up as 'a process aimed at maximizing the reach and effectiveness of a range of actions, leading to sustained impact on outcomes' (Gillespie et al. 2015) .
Frameworks, such as the modified Policy Heuristic Model recently applied by Darmstadt et al. in the newborn care field, have been useful for understanding what is needed for framing the development, implementation and scale up of programmes and policies (Darmstadt et al. 2014) . However, this model does not address the 'how' of the process. It is therefore important to make use of tools such as the health care complex adaptive systems (CAS) framework in order to understand the complex, dynamic processes that combine essential steps in the policymaking process of ECD programmes (Munar et al. 2015) . In other words, while the Policy Heuristic Model identifies the key steps needed for the development of policies that facilitate scaling up of programmes, the CAS framework helps understand how the scaling-up process actually happens. CAS is defined as a 'multi-disciplinary approach to understanding the behaviour of diverse, interconnected agents and processes from a system-wide perspective'; thus, it is well suited for understanding how to scale up effective integrated ECD programmes (McDaniel et al. 2009; Paina & Peters 2012; Perez-Escamilla & Hall-Moran 2016) . The CAS framework has recently been successfully applied to understand the scaling-up process of programmes that are highly relevant to ECD such as breastfeeding (Perez-Escamilla et al. 2012) .
The objective of this study is to examine the process of scaling up four major country-level ECD programmes through a CAS lens and using interviews with key informants (KIs) from four programmes with a deep knowledge of how each programme was established and brought to scale.
Summary of each programme
The four case studies to which the CAS analysis was applied are presented in detail in this special issue and briefly summarized in the succeeding texts (Khan et al. 2017; Rao & Kaul 2017 ; (Richter and Samuels, 2017) ; Torres et al. 2017) .
Chile Crece Contigo
Chile has a scaled-up system of ECD provision, guaranteed by law and fully funded by the government. Initiated in 2007, it provides universal and differentiated (i.e. tailored to the needs of vulnerable children) ECD interventions from gestation to age 4 years in all 345 municipalities. With strong support from political leadership, the Ministry of Social Development coordinates with the Ministries of Health and Education. Chile Crece Contigo's (ChCC) point of entry is prenatal care in public hospitals and currently reaches about 80% of the target population. During the first semester of 2015, ChCC has served 97 947 pregnant women and 668 308 children from birth to age 4 since it was initiated (Torres et al. 2017) . The Biopsychosocial Development Support Programme includes access to maternal-child primary health care, screening and referrals for children with developmental delays and care for hospitalized children. ChCC ensures that children under four living in a family with risk factors for poor early development also have access to age-appropriate stimulation and education from nursery school through preschool and that their families are referred to additional social protection services, including cash transfers and home visits. ChCC offers high-quality ECD information to families and providers through a radio show and via its website.
As reported in this special issue, there are more than 30 studies on ChCC, with different methodologies and approaches, including both qualitative and quantitative user satisfaction, impact and process studies (Torres et al. 2017) . The findings have shown positive effects on child development, both generally and specifically in the area of social development. There are also positive effects on the remediation of developmental delays in children. About 73% of beneficiaries are highly satisfied with the programme.
India's Integrated Child Development Services
Integrated Child Development Services (ICDS) is the world's largest community-based outreach programme to promote the early development of children from economically disadvantaged backgrounds. The nationwide programme, launched in 1975, aims to address high rates of child mortality, malnutrition and poor learning outcomes. It provides a package of services (medical checks, immunizations, referral services, supplementary feeding, preschool education and health and nutrition education for adolescent girls and mothers) through a network of 1.4 million Anganwadi (courtyard) centres (AWCs) and community workers. The programme is fully government funded. In 2014, the ICDS scheme served 104.5 million beneficiaries. This included 84.9 million children under 6 years (46.7 million children between birth and 3 years of age and 38.2 million children between 3 and 6 years of age) and 19.6 million pregnant and lactating women. Nationally, 72% of the sample enumeration areas in the National Family Health Survey 3 were found to be covered by an AWC and 62% were covered by an AWC that had, by the time of the survey, existed for at least 5 years (Rao & Kaul 2017) . Many different government departments and programmes are involved, led at the central level by the Ministry of Women and Child Development. ICDS was restructured in 2013-2014 with an emphasis on children below 3 years of age.
As reported by Rao and Kaul in this special issue, the ICDS is well-conceived but inadequately implemented. Specifically, (i) too much emphasis has been placed on increasing the supply of AWCs and not enough on their use and the quality of services; (ii) not enough thought was given to the scale of Scaling up of integrated ECD programmes 51 resources needed to run an effective scheme to provide a highquality intervention to over 100 million children; and (iii) the AWCs lack physical, learning and human resources to meet their goals.
Grade R in South Africa
Grade R emerged as a comprehensive ECD programme to address inequalities arising from the Apartheid legacy. A preschool or reception year (Grade R) was planned as part of the programme, and a pilot programme was implemented in 1997. Grade R was introduced nationally in 2005; 10 years later, about 80% of children 4.5-6 years of age attend a free preschool class, the majority attached not only to public primary schools but also at some accredited, government-funded, communitybased crèches. Grade R is provided by the State, and the majority of children attend Grade R in a public school. In 2012, 767 865 of all 1 017 316 five-year-olds in South Africa (75.4%) were attending a Grade R class (Richter and Samuels, 2017) . The highest uptake has occurred in the poorest areas of the country as parents take advantage of low-cost and safe day care, a school lunch programme and the expectation that their children will be better prepared for formal schooling. Grade R is built on the education system, including teacher training, management, financing, monitoring and quality control. School health services are provided, including disability screening. The programme as a whole is coordinated by an Inter-Departmental Steering Committee led by the Minister of Social Development who reports to the cabinet.
As reported in this issue (Richter and Samuels, 2017) , in 2013, van der Berg et al. analysed data from the nationally representative General Household Survey and found that children who attended Grade R had better writing skills than children who did not. Grade R had a benefit between 6 and 25% of a year's learning, averaged over all grades from 1 to 6. Wealthier schools benefitted the most in both mathematics and language, and the introduction of Grade R actually widened the performance gap between schools. Furthermore, there was strong variability in programme implementation quality across the country.
Bangladesh's child development centres (Shishu Bikash Kendra)
Shishu Bikash Kendra (SBK) is a public-private partnership, funded through a combination of government and development resources. (Khan et al. 2017) .
As reported by Khan and Darmstadt in this issue, the SBK programme has a sound process evaluation system in place that has documented a preference for quality (vs coverage), which may be a limitation regarding large-scale programme implementation. Impact evaluation studies are ongoing.
Methods
These four programmes were selected for the present analysis because they were the ones highlighted in the most recent Lancet series on ECD (Richter et al. 2017 ) based on (i) high coverage (except SBK which emphasized quality over quantity); (ii) intersectorality or multi-stakeholders within a sector; and (iii) evidence from impact and/or process evaluation studies. Open-ended interviews allowing for specific prompts as needed were conducted with KIs to confirm the role of CAS constructs in explaining how the programmes were scaled up. At the beginning of each interview, we stated that we were interested in understanding how each programme had been conceptualized, scaled up and sustained at scale (if applicable); the challenges encountered; and how these challenges were overcome. KIs were also asked to report on coverage and quality issues based on evaluation and monitoring and evaluation (M&E) systems. No explicit reference to the CAS framework or any of its specific domains was made. The findings were then compared with identify unique and common CAS scaling-up features across programmes. Lessons learned from these analyses were then used as the basis for proposing a research agenda for better understanding how scaling up occurs and facilitating the scaling up of integrated ECD programmes through a CAS lens.
Participants and procedure
Two of the authors (VC and RPE) interviewed via Skype or phone nine KIs, at least two from each of the four case studies by using an open-ended interview guide with a list of prompts as needed. The KIs included four programme directors, four programme evaluators and one non-government organization (NGO) representative. KIs were selected based on their expertise with different aspects of the programmes. The interviews lasted approximately 60 min, were tape recorded and then transcribed verbatim for subsequent coding using CAS themes.
Data analysis
For ChCC and Grade R, the coding process and theme identification involved a three-member team consensus process (RPE, SSP and CZ). For ICDS and SBK, the initial coding and theme identification was done by one author (VC), followed by a consensus process including two additional authors (MT and RPE). The integration of results across the four case studies based on the CAS identified was conducted by a three-member team (VC, MT and RPE) through an iterative consensus process: Agreement among the three team members was reached on the extraction of CAS domains, themes, subthemes and selection of the most illustrative quotes for each.
Results
All the CAS domains identified by Paina and Peters (2012) played an important role in the implementation and scale up of the four country programmes. The interviews identified the following: (i) positive feedback loops (five universal themes) and negative feedback loops (two universal themes); (ii) scale-free networks (two universal themes); (iii) phase transitions (four universal themes); (iv) path dependence (two universal themes); and (v) emergent behaviour (six universal themes). Additionally, five universal themes were identified for sustainability (Table 1 and AA1-A7).
Feedback loops
Feedback loops are key drivers for change, which can influence positively or negatively the emergence of a programme. Feedback loops were identified in five areas: (i) political support; (ii) international context; (iii) evidence; (iv) M&E systems; and (v) workforce development (Tables 1  and AA1 ).
The four respondents agreed that support from the political sector accelerated the process and was essential for maintaining the programme:
I think that the … political will that has been demonstrated from the beginning unless you have that, I don't think the programme would be able to be sustained, so they find the money, they find the expertise, they scale up the programme … (GRKI1)
The respondents also stated that support was needed not only in-country and from the political sector but also from the international community at a technical level:
We always had help from some very good institutions.
[…] … So we've always been in touch with institutions that have much more experience than us … (SBKKI1) It was also stated that it was important to share the knowledge and experience gained during implementation not only to gain further political support but also as an expression of the value placed on the work of programme staff:
… for several years we distributed a document entitled 'When It's Good to Copy' and where we asked the local teams to give us best practices examples in the different areas of ChCC … we released a book with the picture of the outstanding team that was shared with all the authorities and all the teams in the country. This is a way to give back to the teams acknowledging what they are doing well and re-enforcing their self-esteem in the topics that they are working. (ChCCKI1).
Champions were identified as crucial for change and gaining momentum.
I would tell you that what supported the most the idea of ChCC was Dr Helia Molina, the current minister of health … (CHCCKI2) Scale-free networks. Scale-free networks refer to structures which are dominated by a few focal points or hubs with an unlimited number of links, following a power-law distribution (e.g. social networks). For Grade R, in the context of post-Apartheid South Africa, an important theme was equity and child rights. Equity issues can be a push for governments to support ECD programmes, and the same is true for the push that can be given by civil society to designing policies and supporting programmes.
The push was the child rights, the government had committed to the convention and lead of the African Charter Task Force and EFA. (GRKI2)
Negative feedback loops that slowed the process down and presented barriers that had to be overcome were also 
Positive feedback loops
Feedback loops occur when an output of a process within the system is fed back as an input into the same system.
Previous successful experiences
Rapid scale-up consequent to ratification of convention Engagement of civil society Path dependence. The construct of path dependence indicates that processes that have similar starting points may end up leading to different outcomes because of bifurcations and choices made along the way (i.e. same programme becomes implemented in different ways across settings).
Universal themes
refers to the spontaneous creation of order, which appears when smaller entities on their own jointly contribute to organized behaviours as a collective (i.e. factors coming together at the right time to allow for programme to emerge, 'perfect storm' concept). identified. The two themes in this domain were (i) the complexities resulting from the multi-sectoral nature of ECD interventions and (ii) the overburdened workforce with poor contractual conditions (Tables 1 and A2) . ECD is commonly multi-sectoral with numerous sectors engaged in the design, delivery and sustainability of a programme.
I would say that what we missed a little bit was the theme that all sectorial actors should have a resource transfer agreement. Some sectors were left behind, this is the case with education … (ChCCKI1) Moreover, coordination among these sectors was described as a challenge at the local level where the ECD programme had to compete with many other priorities.
The model specifies an intersectorial and interinstitutional coordination at the local level and that has been a major challenge…because at the local level it's not only ChCC but there are all these other early childhood local programmes implemented by the municipalities. (ChCCKI2) The second common negative loop that was described was the poor working conditions of workers who were often asked to perform additional duties with little or no remuneration. So, and she is expected to do, deliver six services … and in addition to those she has to retain information and she has to maintain a lot of registers … They are not compensated adequately: they are still honorary, not a regular employee. (ICDSKI2)
Other context-specific themes included a suboptimal M&E system, which created significant challenges. Also, as political priorities shifted in tandem with the disengagement of civil society, it became increasingly difficult to obtain the necessary political support. When programmes were scaled, there was a tendency to implement a 'one-shoe-fits-all' design, which made it difficult to establish responsiveness to local needs. The respondents added that when funding was decentralized, this made discretionary spending simpler at the local level. A final theme reported in India and Chile was that scale up needed to be approached as a gradual process in order to ensure that the infrastructure, government support and resources (both human and financial) needed were in place.
Scale-free networks
Scale-free networks refer to 'structures which are dominated by a few focal points or hubs with an unlimited number of links, following a power-law distribution (i.e. social networks) (Paina & Peters 2012) . The themes common across countries in this regard were (i) technical and (ii) social networks (Tables 1 and  A3 ). Comunas networks in Chile are a good example of how working as part of a network can simplify referral and counterreferral mechanisms, as well as delivery of services and training of personnel:
… the work we do with the comunas networks and with the municipalities … From this point of view one can see that we still need to do much more in terms of trainings and more technical assistance so that the comunas teams learn how to work as part of a network. (ChCCKI1) Informants stressed the importance of working collaboratively with colleagues with different perspectives and expertise to enrich the strength of any programme.
… often … we say: I am not going to work with that person. I think ultimately you have to … (SBKKI1) Social networks are interactions among individuals or communities that facilitate demand creation and the spread of the innovation. These have leveraged interactions among parents and family members who are the end users.
We have to work closely with the provincial and national department of social development, and the last group that our legislation also requires that you have to work with the parents' association, so those are the main actors you know within the frame of Education. (GRKI1)
Phase transitions
Radical changes can happen when critical points or tipping points are reached in a system (Paina & Peters 2012) . This was identified for the ICDS and ChCC programmes (Tables 1 and  A4 ). For ICDS, the ratification of the Convention of the Rights of Child by the government and the strong activism from civil society forced it to commit to promoting the welfare of children.
When India also signed the UNRC convention and commitment to children … So around the 85-year plan, between the '80s and '90s... The ICDS started to scale up. (ICDSKI2) For ChCC, it was also a strong advocacy effort sustained by previous successful experiences that created the environment needed for the programme to emerge. In South Africa, the end of Apartheid represented a turning point for large-scale early childhood education:
… 1994 [was a turning point], when the new regimen took over, so prior to that it was you know the kind of apartheid legislation and activities that were in place. During that time a study was conducted, you know, with support from the World Bank and certain recommendations were made. At that time the main concern was the fact that you know, although much had been said about the importance of ECD as a government, the South African government at that time did not take responsibility for ECD for children other than people that were classified within the main White colour and Indian. (GRKI1)
Path dependence
The KIs consistently indicated that programme success may vary depending on local context-specific factors (Tables 1 and  A5 ). Reasons for this included local capacity, schedule planning, support from authorities and financial support.
I would tell you that in general this [varying degree of success of ChCC across municipalities] is related to a series of factors coming together ranging from aspects of programme management to programme implementation … (ChCCKI1) Accountability in this context was seen as important to consider as a more transparent and consistent system across levels may provide more similar outcomes.
There needs to be better accountability as to how provinces and schools allocate Grade R resources … (GRKI2) Path dependence was also acknowledged, in the way in which local adaptation was needed to ensure that local contextual factors were considered when implementing the 'same' programme across locations.
… in technical terms the guidelines come down from the national level with a programme design and methods … At the comuna level these can be adapted to their local needs depending on whether we are talking about the North, South, more presence of indigenous communities, more presence of immigrant communities. … We don't tell them how to use those resources but we do tell them that they have to meet the goals' indicators … (ChCCKI1)
Emergent behaviour
A programme 'emerges' as the result of the right conditions coming together at the right point in time for the programme (Tables 1 and A6) .
Common across countries was a belief among the respondents that a commitment to social justice made a compelling case for programme implementation.
I would say that the fundamental concept has been the concept of equity. That was the glue because there was enough evidence in Chile of the structural inequalities in the social system. (ChCCKI2) … 1994 [was a turning point], when the new regimen took over, so prior to that it was you know the kind of apartheid legislation and activities that were in place. (GRKI1)The national policy of children in 1974 and you know the infant mortality rate was so so bad, the growth of the country was so uneven right? So I think it was the state of the children. … And there was, something had to be done, right? (ICDSKI1)
In Chile, the most important driver was intersectoral consensus, taking into account sectoral equity considerations.
… ChCC is neither a health nor an education programme … This led to the decision to run the programme from an intersectorial coordinating ministry … (ChCCKI1)
In the case of the other three countries, the respondents described a 'perfect storm' scenario where a number of key factors came together at the right point in time. In South Africa, evidence-based advocacy, strong political support based on equity and child rights (and the end of apartheid) pushed together for the emergence of the programme.
… after White Paper 5 [a comprehensive post-Apartheid ECD evidence-based policy document] there was a coordinating commission for ECD which included provincial governments, representatives, national government, trade union representatives, and people from the South African Congress, and national educative forum and so forth in regular meetings. … at that stage civil society and … national bodies were very much Scaling up of integrated ECD programmes 57 represented in terms of the emerging early childhood policy. (GRKI2) The push was the child rights, the government had committed to the convention and lead of the African Charter Task Force and EFA. (GRKI2) In Bangladesh and India, the process was driven by local institutions, public society and NGOs coming together and demanding the government's accountability for children's well-being under the technical support of the international community.
And in recent years there has been a lot of activism by civil society, there have been a lot of parliamentary acts, such as the food act right. And also the role of the NGOs, international agencies, and let's not forget all of these research coming out on the early years, the brain development and stuff like that. (ICDSKI1)
Sustainability
Sustainability refers to maintaining a programme in the long term. The most common themes were as follows: (i) institutionalization and operationalization of procedures; (ii) stronger links across sectors with better coordination; (iii) programme quality; (iv) capacity/workforce development and improved infrastructures; (v) and consistent funding (Tables 1 and A7) .
Programmes were seen as needing to become part of the system and operationalized in order to be sustained.
Gradually it will become part of the system. I think ultimately, that is most sustainable. To become part of the system. (SBKKI1)
The structure from which a programme is delivered has to be carefully examined. A multidisciplinary integrated approach may work in countries in which people are not able to access different services or where those services did not exist. However, strong coordination (running programme through coordination of existing structures) may be better than integration (creating a new structure formed through integration of sectors) in the contexts where services already exist and are based in different sectors.
One of the challenges is the integrated model […] Different services, or these interventions, nutrition, health, sanitation, all of these need to converge. But I think that the learning from the system is that it does not necessary have to be through a single programme … (ICDSKI2) Programme quality was an important issue identified by KIs for programme sustainability. In India, the government programme was in competition with the private sector and therefore needed to ensure quality of delivery.
They are not necessary happy with just these … They can spend some money and go into the private sector. There is huge competition with the private sector, whether it's a hospital or education. (ICDSKI2) Addressing social determinants of health, in addition to programme quality, was also reported as key for attaining impact at scale through ECD programmes.
I think the quality is very bad and really, really needs to be improved. But I don't know if we can attribute all the poor outcomes at Grade 3, or anywhere else, to some issues of Grade R. The fact is that children are very compromised when they enter education, nutritionally compromised, most of them, many of them have not had any education opportunity prior to Grade R. (GRKI2) During the scale-up process, human resources demand increases exponentially and the workforce needed to be properly trained, motivated and compensated to deliver quality services. All respondents reported that having enough qualified workers was a challenge during scale up.
A great deal of what ChCC does has to do with the benefits/services delivered to the families. These services need to be provided by a professional that truly understands and appreciates the importance of early child development and that at the end of the day families are those mainly responsible for the upbringing of their sons and daughters … This is permanent work and a challenge in the front line. (ChCCKI1) An increased demand for infrastructure was common during scale up. Both Grade R and ICDS respondents complained about the lack of adequate infrastructure to deliver quality services.
I've been in classes that would make you weep, not nearly because of the kind of really poor quality of the teaching, but also because there is no quality of the classroom as a whole. (GRKI2) 58 R. Pérez-Escamilla et al.
Lastly, prioritization and a specific focus on ECD within national strategies are essential to ensure engagement from stakeholders and allocation of resources. Funding is required to be consistent in order for any programme to continue running.
So, I think it is a whole budgetary issue. A lot of people want to improve Grade R, and do all things like train and employ Grade R teachers who are qualified at the same level as other teachers, etcetera but right now it is going to be a very big financial task. (GRKI2)
Conclusions
Our findings confirm that the emergence and scaling up of all four country ECD programmes could be understood by using CAS constructs. The birth or 'emergence' of the programmes was strongly driven by multiple factors coming together at the right time, including data justifying major need/demand for programme, evidence-based advocacy, strong political will in the context of principles of social inclusion and equity and strong representation from civil society. The scaling up of the three programmes with close to national coverage involved strengthening government intersectoral coordination, securing budgets and resources and relying on a national law mandating the programme. In three of the programmes, there were clearly identifiable tipping points that led to exponential growth in programme exposure. Programme sustainability is likely to depend on the ability of programmes to not only maintain or increase coverage but also maintain the quality of education and services provided to children and families through integrated ECD programmes. This, in turn, requires adequate training, motivation and compensation for maintaining a critical mass of ECD providers. Sustainability also requires adequate investments in age-appropriate physical infrastructure where young children can receive proper stimulation, health and nutrition services.
As illustrated by ChCC, programmes need to offer flexibility for local adaptation to become sustainable. Based on our findings, we hypothesize that at all stages of the scaling-up process, i.e. emergence, scaling-up and sustainability phases, social, political and economic positive and negative feedback loops (i.e. those offering resistance to change), play a key role in determining the degree of success, speed and quality with which the scaling-up process moves forward and becomes sustainable.
Several frameworks are available in the literature that outline key steps for scaling-up programmes. What the CAS framework adds is additional understanding of how those elements come together, which is essential to further help in programme implementation and policy change.
Limitations
While our findings are helpful for better understanding how to scale up effective integrated ECD programmes, it is important to acknowledge the specific limitation of the CAS framework as well as the specific CAS analyses conducted. Scaling-up research based on the CAS framework is still in its infancy and relies heavily on qualitative approaches based on KI interviews. A specific limitation of our study is that the CAS elements were identified through retrospective interviews.
Future research
Based on our findings and hypothesis, we recommend that mixed-methods prospective research is conducted to answer the following CAS-related questions: (i) What are the key features driving effective evidence-based advocacy? (ii) How does evidence-based advocacy lead to a strengthened political will and commitment? (iii) What are the costs of facilitating the steps from legislation to implementation at scale of integrated ECD programmes? (iv) How does effective scaling up actually happens based on CAS constructs (scaling up and sustainability)? (v) How can countries assess and develop the cadre of human resources that collectively have the essential skills needed for effective delivery of integrated ECD programmes? (vi) Which are the main feedback loops that accelerate (positive) or prevent (negative) effective scaling up from happening and how are the positive loops amplified and the negative ones overcome? (vii) How does uptake of optimal ECD practices and behaviours happen as a result of investments in scaling up (i.e. social network analysis)? (viii) How do countries most effectively adapt the scaling-up process to their contexts based on lessons learned from other countries (path dependence)? And (ix) How can cost-effective management information systems be developed to strengthen the capacity of countries to coordinate and manage their scaled-up integrated ECD programmes emphasizing the integration of intersectoral support from the national to the municipal level?
We believe that answering these questions will help in designing more effective integrated ECD programmes at scale in the complex adaptive world in which we live.
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Supporting information
Additional Supporting Information may be found online in the supporting information tab for this article. Table A1 . Complex adaptive system construct: positive feedback loops. Quotes from key informant interviews across four early child development programmes. Feedback loops occur when an output of a process within the system is fed back as an input into the same system. Table A2 . Complex adaptive systems construct: negative feedback loops. Quotes from key informant interviews across four early child development programmes. Feedback loops occur when an output of a process within the system is fed back as an input into the same system. Table A3 . Complex adaptive systems construct: scale-free networks. Quotes from key informant interviews across four early child development programmes. Scale-free networks: Scale-free networks refer to structures which are dominated by a few focal points or hubs with an unlimited number of links, following a power-law distribution (e.g. social networks). Table A4 . Complex adaptive systems construct: phase transitions. Quotes from key informant interviews across four early child development programmes. Phase transitions: Phase transitions occur when radical changes take place in the features of system parameters as they reach certain critical or tipping points. Table A5 . Complex adaptive systems construct: path dependence. Quotes from key informant interviews across four early child development programmes. Path dependence: The construct of path dependence indicates that processes that have similar starting points may end up leading to different outcomes because of bifurcations and choices made along the way (i.e. same programme becomes implemented in different ways across settings). Table A6 . Complex adaptive systems construct: emergent behaviour. Quotes from key informant interviews across four early child development programmes. Emergent behaviour: Emergent behaviour refers to the spontaneous creation of order, which appears when smaller entities on their own jointly contribute to organized behaviours as a collective (i.e. factors coming together at the right time to allow for programme to emerge, 'perfect storm' concept). Table A7 . Complex adaptive systems construct: sustainability. Quotes from key informant interviews across four early child development programmes. Sustainability.
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